Introduction
In the Mediterranean region, wetlands have largely been inventoried and protected on the basis of their importance for waterbirds (Martí & del Moral 2002) . On the other hand, studies of Cladocera and other zooplankton have often focussed on reservoirs or small ponds of relatively little value for waterbirds. It is important to establish whether a network of protected wetlands established with waterbird criteria is effective for the conservation of zooplankton, i.e. is value for birds and for zooplankton correlated? Cladocera are able to passively disperse between wetlands via birds (Figuerola & Green 2002a) , and it has been suggested that wetlands frequented by more migratory birds should hold a higher species richness of Cladocera (Green & Figuerola 2005) .
The great importance of wetlands in southern Alicante, eastern Spain for waterbirds has led to their protection as two Ramsar sites (El Hondo and Salinas de Santa Pola, Bernués 1998). The Rotifera and Copepoda in El Hondo have been studied previously , Armengol et al. 2002 but there are no previous studies of the Cladocera. In this study we quantify the abundance of Cladocera and compare the species present in four different wetlands during different parts of the annual cycle. We test the role of depth, conductivity and other factors in determining the observed patterns of abundance. We consider whether the importance of these wetlands for birds is reflected by a similar importance for microcrustaceans, and whether the high density of migratory birds coming from other wetlands has produced a high species richness of Cladocera via zoochory.
Materials and methods

Study Sites
El Hondo is a complex of mesosaline and polysaline semi-artificial wetlands (total 1,650 ha) in the south of only one present all year round. Total abundance of Cladocera varied significantly between wetlands and months, and was highest in the largest, deepest, least saline wetlands. For a given wetland and month, abundance increased at points of greater depth or lower salinity. Species richness of Cladocera was highest in those seasons and lakes where salinity was lowest, and in those seasons and lakes where cladoceran abundance was highest. These wetlands hold a particularly high number of waterbird species, but a very low number of Cladocera species. Ready dispersal via waterbirds does not appear to promote cladoceran diversity in this system, owing to local conditions such as high salinity. We suggest that the conservation value of wetlands for birds is not a good predictor of value for Cladocera. Keywords : Alicante, Cladocera, Daphnia magna, depth, salinity, species richness. (Viñals et al. 2001) . Phragmites australis is the dominant emergent vegetation (Cirujano et al. 1995) . Submerged vegetation is dominated by Potamogeton pectinatus and Ruppia spp. The most abundant fish are Mugil cephalus, Anguilla anguilla, Liza ramada, Gambusia affinis and Cyprinus carpio (Torralva et al. 2002) . Poniente and Levante are used to store irrigation water and dried out completely in 1994 out in the same years). The inflow to Poniente and Levante contains organic matter and contaminants from the polluted Segura river and from agricultural and urban areas (Viñals et al. 2001) . The inflow to Reserva is from agricultural areas.
The neighbouring Salinas de Santa Pola (38°11'N, 00°38'W) is a complex of 550 ha (not including c.2000 ha of active solar saltworks). We studied three ponds (Múrtulas, Fig. 1 (Torralva et al. 2002) . The inflow is from agricultural areas. These ponds were formerly part of a saltworks abandoned in 1979 (Marín & Giovanni 1997) . They are smaller, shallower and had a higher conductivity than the other study sites (Table 1) , and the sediments contain more sand and less silt. Rodrigo & Colom (1999) reported high nitrate concentration (105 mgN l -1 ) and a low chlorophyll a concentration (3 µg l -1 , date of sampling not reported) for Múrtulas.
Microcrustacean Sampling
Levante, Poniente and Reserva were sampled monthly from February 1999 to June 2000, with the exception that Reserva was not sampled in October 1999. Múrtulas was sampled monthly from March to September 1999. Eight permanent sampling points were established at Levante and Poniente and six at Reserva and Múrtulas. These points were concentrated around the edges in the larger sites, in order to facilitate access. Each month, one sample was taken from each point. We randomly changed the precise spot where the sample was taken each month, to prevent disturbance effects. Owing to water level fluctuations, some points dried out at times, varying our sample size between months.
Depth was measured at each sampling point together with conductivity and temperature (with a Crison 524 meter) and turbidity (with a secchi disk). The sample was taken by vertically inserting a PVC tube of 16 cm internal diameter so as to sample from the water surface to a depth of 30 cm, or to the bottom where depth was < 30 cm. A net with 0.1 mm mesh was placed just below the position to be occupied by the base of the column. The column was then inserted and the water within was filtered through the net by lifting the column and net together vertically to the water surface. This sampling methodology was chosen owing to our interest in establishing the availability of invertebrate prey to waterbirds which concentrate their feeding within the top 30 cm of the water column (see also Cooper & Anderson 1996) .
Each sample from a given point was stored in 70% ethanol and later washed in the laboratory at Alicante University in a 0.3 mm sieve to remove sediments and meiofauna, and the zooplankton retained were stored in 70% ethanol. Cladocera, Copepoda and Ostracoda were later separated and counted at Doñana Biological Station, and their volume (an approximate measure of fresh biomass) was quantified by displacement. In samples with large numbers, we subsampled by placing the sample in a scored petri dish and counting the number of individuals (including juveniles) in divisions chosen at random. The Cladocera species present in each sample were identified at Granada University using Alonso (1996) and Scourfield & Harding (1994) .
Statistical analysis
To test the effects of month, site and other predictors in explaining presence (1) or absence (0) of Cladocera in samples, we used a class of Generalized Linear Models (GLMs) known as logistic regression (McCullagh & Nelder 1989 , Crawley 1993 , fitting models with a Table 1 . Characteristics of the study sites and the points sampled. Secchi disk depth = range observed over the study period (Múrtulas was too shallow to measure but had the clearest water). For depth at sampling points, conductivity and temperature at 5 cm depth, SS (suspended solids) and Chlorophyll a we present mean±s.d. and the range observed (in parentheses) over the study period. Suspended solids and Chlorophyll a were measured on a roughly monthly basis by the Comunidad de Regantes del Hondo (unpublished data).
binomial error function and a logit link. We carried out generalized linear mixed models (see Herrera 2000) using the GLIMMIX macro in SAS (SAS Institute 1996), incorporating month and site as fixed factors, and including a random factor coding for each sampling point. By incorporating the random factor, these mixed models allowed us to control for differences between sampling points, and to make allowances for the changes in numbers of points between months (e.g. due to points drying out). We controlled for the height of the water column sampled (adding a continuous predictor variable to the model) since the larger the volume, the more likely a randomly distributed invertebrate is to be recorded. Post-hoc differences between individual pairs of sites were tested with the Wald chisquare test for differences between least-squares means (SAS Institute Inc. 1997). We first analyzed the data for the three El Hondo wetlands taken during 17 months, then repeated our analyses for the seven months with data for all four sites including Múrtulas. We then analyzed the density (number of individuals per litre) of cladocerans in the samples (excluding zero counts) with GLMs using a gamma error distribution and a log link function (Crawley 1993) , using the GLIMMIX macro in SAS. We then added depth and conductivity to these models to test the partial effects of these variables within a given site and month, using models with a reduced dataset due to changes in the amount of missing data (e.g. owing to problems with the conductivity meter).
Results
Water levels underwent major fluctuations at the El Hondo wetlands (Figure 2) , owing largely to irrigation activities. Temperature and conductivity showed considerable seasonal variation, and both tended to peak in July-August (Figure 3 ). Conductivity showed a strong partial correlation with depth (r = -0.45, df = 298, P < 0.001) while controlling for site and month.
In terms of biomass, the microcrustacean community was dominated by cladocerans at Poniente and Levante, by copepods at Reserva, and by ostracods at Múrtulas (Figure 4) . Numbers of Cladocera recorded were much higher at Levante and Poniente, and extremely small at Múrtulas (Fig. 5) . Numbers of cladocerans peaked in spring, from March to May, with a second peak in September at Poniente (Fig. 5) .
Five cladoceran species were recorded (Table 2) , with maximum species richness in spring (when abundance was highest) and minimum richness in summer (when abundance was lowest). In summer, only Daphnia magna was recorded (Table 2) . Poniente held the most species (all five), while Múrtulas held the least (two). Levante held four species and Reserva three. D. magna and D. pulex were recorded at all four sites, whereas D. longispina, Simocephalus exspinosus and Moina brachiata were recorded at two sites each (Table 2 ). D. magna was the most abundant species and the only one recorded all year round. D. pulex was the only other species recorded in more than two seasons (Table 2) .
Logistic regression showed that there were signifi-cant differences between the three El Hondo wetlands (F 2,275 = 23.59, P < 0.0001) and between months (F 15,275 = 3.27, P < 0.0001) in the probability of presence of Cladocera in the samples. Post-hoc tests showed that presence of Cladocera was significantly lower at Reserva than at the other two sites, and significantly lower at Poniente than at Levante. Similar logistic models incorporating Múrtulas for the seven months when all four sites were sampled showed significant differences between the four wetlands in the presence/absence of Cladocera (F 3,142 = 10.4, P < 0.0001). Post-hoc tests showed that presence of Cladocera was significantly lower at Murtulas and Reserva than the other two sites, and significantly lower at Poniente than Levante. Models of the density of cladocerans (number of individuals l -1 ) in the El Hondo wetlands showed significant differences between months (F 15,156 = 7.86, P < 0.0001) and sites (F 2,156 = 12.78, P < 0.0001). Posthoc tests showed that Reserva held significantly lower densities than the other two sites. Similar models for the seven months including Múrtulas showed significant differences in density between the four wetlands (F 3,48 = 19.36, P < 0.0001). Post-hoc tests showed that density was significantly lower at Murtulas and Reserva than at the other two sites, and significantly lower at Levante than at Poniente.
While controlling for month, site and depth of sampling point at El Hondo, conductivity had a significant, negative partial correlation on the density of cladocerans (F 1,127 = 7.28, P < 0.01). Similarly, while controlling for month, site and conductivity at El Hondo, depth of sampling point had a significant, positive partial correlation on the density of cladocerans (F 1,127 = 30.95, P < 0.0001).
Discussion
Ours is the first study of zooplankton in Poniente, Levante (the most important wetlands in El Hondo) and Múrtulas, although Armengol et al. (2002) conducted an earlier study at Reserva (called by them the Charca Sureste) in which they found no Cladocera. Poniente and Levante were dry in 1994-1995 at the time of the study by Armengol et al. (2002) . The cladoceran community we have recorded is what has been described as the «Daphnia magna association» for a total of 13 mesosaline steppe wetlands in Mediterranean Spain (Alonso 1998 salinities observed during our study, the euryhaline species D. magna and D. pulex were dominant, whereas M. brachiata (a species characteristic of lower salinities, Alonso 1998) and S. exspinosus were rarer. The latter species were only observed in winter and spring, when salinities and temperature were at their lowest. D. longispina is widely distributed in Spain, but is more often observed at lower salinities and (as in our study) in winter and spring (Armengol 1978 , Alonso 1996 . We did not record Simocephalus vetulus, a species reported from El Hondo in the 1980s (Miracle and Alfonso pers. comm. to Armengol et al. 2002) . D. magna is the only species we observed all year round, because it is polycyclical and particularly tolerant of high salinities (Alonso 1990 (Alonso , 1998 . The largest and deepest sites Poniente and Levante had the highest densities of Cladocera. The smallest, shallowest and most saline site Múrtulas had the lowest density of Cladocera. Our results within wetlands suggest that the differences in relative abundance among lakes in Cladocera are largely explained by both salinity and depth differences. We found the density of cladocerans at a given site and date to decrease with increasing conductivity. This suggests that they are intolerant of the higher salinities found in some parts of our study wetlands. We also found the density of Cladocera at a given site and date to increase with increasing depth. Reproductive and/or survival rates of cladocerans are generally reduced at higher conductivities (Galat & Robinson 1983) . A decrease in the relative abundance of cladocerans in microcrustacean zooplankton as salinity increases has been observed in many aquatic systems (Hurlbert et al. 1986 , Kingsford & Porter 1994 , Moss 1994 , Wollheim & Lovvorn 1995 , Bolduc & Afton 2003 . The lower species richness of Cladocera we CLADOCERANS IN ALICANTE (7) 79 observed in Reserva and Múrtulas was probably related to their high salinities. Increasing salinity is known to have a negative effect on species richness for Cladocera (Hobaek et al. 2002) . The decline we observed in species richness in summer may be associated with the high salinities and temperatures at this time, or perhaps with cyanobacteria blooms. The low cladoceran species richness we recorded is rather similar to that observed in other Spanish wetlands with a similar salinity. In 170 wetlands with salinities overlapping with those recorded at our study sites (most of which had waterbird densities far below those recorded here), Alonso (1998) recorded from 0 to 8 cladoceran species (mean ± s.d.= 2.9 ± 1.7). The low cladoceran species richness we observed was not a consequence of our unusual sampling methods or our failure to sample the centre of the larger wetlands. Armengol et al. (2002) used different methods and found no cladocerans in any part of Reserva. D. magna was the only species recorded in separate samples we took with a plankton net in the centre of Poniente and Reserva in June 1998. The diversity of other microcrustacean groups recorded in these wetlands is also relatively low, with only six species of copepods .
El Hondo is one of the ten most important wetlands in Spain in terms of numbers of migratory waterbirds (Martí & del Moral 2002) . The international importance of El Hondo for a high number of waterbird species, many of which are threatened (Martí & del Moral 2002 is not associated with a similar importance for Cladocera. El Hondo and Santa Pola are characterised by an extremely low number of cladoceran species, all of which are subcosmopolitan and of low conservation concern. This suggests that diversity of aquatic birds is not a good indicator of diversity of other aquatic organisms such as Cladocera (see also Green et al. 2002) . The existing network of protected wetlands in Europe and the Mediterranean region has a strong ornithocentric bias and seems unlikely to provide adequate coverage for microcrustacea. Specific measures are required to ensure that hotspots of crustacean diversity are identified and protected.
Given the large number of migratory birds visiting the area and their capacity to transport ephippia internally (Figuerola et al. 2003 ) and externally (Figuerola & Green 2002b) , dispersal limitation can not explain the low species richness of Cladocera at El Hondo. Cladoceran ephippia are abundant in the faeces of migratory ducks from El Hondo (Fuentes et al. 2004) . The Shoveller, the most abundant and most planktivorous waterbird at El Hondo, concentrated at Levante and Poniente during our study where Cladocera were most abundant. Shoveller are better dispersers of ephippia than other ducks in Spain (Figuerola et al. 2003) , and come to El Hondo from wetlands all over northern Europe (Navarro 1988) . Hence cladoceran species richness must be limited by local conditions such as salinity, fish density or water quality, which prevent establishment of immigrant species arriving via birds.
Although differences in fish densities are also likely to influence the relative abundance of Cladocera (Hurlbert et al. 1986 , Jeppesen et al. 1997 , we have no data on fish densities for our study period. Blooms of cyanobacteria can also lead to declines in cladoceran populations (Jeppesen et al. 1997) , and such blooms occur at El Hondo (Barba et al. 2004, E. Costas, pers. comm.) . Cladocerans are particularly sensitive to organochlorine pesticides (Stansfield et al. 1989) and it is also possible that cladocerans are negatively affected by pesticides in the water supplying El Hondo.
